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(57) Abstract: A system for separating fluids from a hydrocarbon well production fluid mixture at a subsea location has a centrifugal 
separator (16) for separating the mixture into gas and liquid. A hydrocyclone separator (32) then separates the liquid into oil and 
water and an oil-in-water sensor (38) detects the amount of oil in water leaving the separator. If the sensor (38) detects that the water 
contains more than the prescribed amount of oil, the water is recirculated through the hydrocarbon separator (32) for removal of 
further oil form water. The hydrocyclone separator (32) has a level interface sensor (66) and if this sensor detects that the oil/water 
interface is not within prescribed limits for optimum separation of the oil and water, the amount of oil removed from the separator 
is adjusted until the oil/water interface is within the prescribed limits. The sensors (38, 66) are connected to a control means (68) 
which controls electrically actuable control valves (42, 58) to cause the water to be recirculated to adjust the amount of oil removed 
from the hydrocarbon separator. The system also includes a gas slug detection device (14) upstream of the centrifugal separator (16) 
for sensing the presence of a gas slug in the production fluid. A liquid flow conU-ol valve (21) is adjusted by the control means (68) 
to ensure that the level of liquid in the centrifugal separator (16) does not fall below prescribed limits. 
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SYSTEM AND METHOD FOR SEPARATING FLUIDS 
The present invention relates to the separation of fluids from a fluid 



Production fluid from a hydrocarbon well generally includes a mixture of 
oil, water and gas. If the well is under water and there is a requirement to 
separate the oil. gas and water from each other prior to conveying them to a 
host facility remote from the well, or other location it is necessary to install 
some kind of separation means close to the well for this purpose. Gravity 
separators (which rely on the different specific gravities .of the fluids being 
separated) tend to be relatively large for a particular volumetric throughput of 
fluids. Other types of fluid separators, such as centrifugal separators and 
hydrocyclone separators, are relatively more compact for a given volumetric 
throughput of fluid but only function efficiently if the ratio of different fluids in the 
mixture they are separating lies within a particular relatively narrow range. 
Over the course of development of a particular hydrocarbon reservoir, the ratio 
of oil to water will vary considerably. As the reservoir becomes older, its 
natural pressure drops and it is customary to inject water and/or gas into the 
reservoir to boost its pressure. The consequence of this is that the water 
and/or gas content of the production fluid increases. Since it is a relatively 
expensive and time consuming activity to replace a separator installed on the 
sea bed for another designed to operate efficiently for a different range of oil to 
water and/or gas to oil ratios, and since these ratios may change rapidly and 
unexpectedly, the use of separators such as centrifugal separators and 
hydrocyclone separators in seia bed separation systems would not appear to be 
appropriate. ^ . 

Furthermore, the presence of gas slugs in the production fluid would 
also militate against the use of centrifugal and hydrocyclone separators since 
gas slugs would adversely affect their operation. For example a gas slug 
entering either a centrifugal or a hydrocyclone separator would be likely to alter 
the gas/liquid ratio therein to a value outside the range required for it to achieve 
satisfactory performance. 



mixture included in production fluid from a hydrocarbon well. 
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An object of the invention is to overcome at least some of the problems 
referred to above. 

Thus, according to one aspect of the present Invention there is provided 
a system for separating fluids from a hydrocarbon well production fluid mixture 
5 at a subsea location including fluid separation means, electrically actuable fluid 
flow control valve means and control means for controlling the control valve 
means to regulate the flow of fluids through the separation means. 

As a consequence of the speed at which electrically actuated control 
valves can operate, adjustment of fluid flow through Ihe separating means can 

10 be rapidly adjusted when a slug of gas enters the system and/or v^rhen changes 
of the oil to water ratio in the production fluid occurs. Such a change may 
occur abruptly, possibly in connection with the arrival at the system of a gas 
slug in the production fluid, or gradually over a period of time for example as a 
consequence of changing reservoir characteristics during field life. 

15 The system may include a gas slug detection device for sensing the 

presence of a gas slug in the production fluid, and wherein the control means is 
arranged to adjust the control valve means In response to output from the gas 

slug detection device. 

Preferably, the separation means includes a centrifugal separator having 
20 a gas outlet and a liquid outlet. The control valve means preferably Includes a 
flow control valve controlled by the control means to restrict flow through the 
liquid outlet when a gas slug enters the centrifugal separator in order to ensure 
that substantially no gas passes through the liquid outlet. 

Since the production fluid customarily includes oil and water, the 
25 separation means preferably includes a liquid separation means, which is 
preferably a hydrocyclone separator, having a first and second fluid outlet for 
first and second fluids respectively. The control valve means includes a flow 
control valve for controlling flow through the first fluid outlet and more 
preferably a separate flow control valve for controlling flow through each of the 
30 first and second fluid outlets. 

The or each flow control valve for controlling flows from the liquid 
separation means is preferably controlled in response to output fi-om a sensor 
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which outjDut is dependent dn the amount of one or both of the fluids in the 
liquid separation means, the sensor may be adapted to sense an interface 
between the first and second fluids jn the liquid separation means. 
^[■- One or both flow control valves ^ m^^ addition be 

^ controlled in response to a contamination sensor adapted to detect the 
contaminatibri of one of the fluids by the other flowing through one of the 
■ outlets. In particular, the sensor may be adapted to s§nse the amount^df oil in 
Abater flowing ^ut of thefliqdid sepa means^ VVhen such contamination is 
above a^pa^ticular threshoid; 'the cbntariiinated fluid (^^ water contaminated 
with oil) may be returned to the liquid separatidn means for further^ processing 
via water redrculation means. 

A pump may be situated between at least one said fluid outlet and its 
associated flow cdntrdi valve for drawing onie of the fluids through the 
respective outlet. Means may be provided for recirculating at least a portion of 
the fluid flowing out of one of the fluid outlets when its associated flow control 
valve is at least partially closed. 

The system may be incorporated in a retrievable module. The module 
may be of the general type forming part of the modular system designed by 
Alpha Thames Limited of Essex, United Kingdom, and referred to as 
AlphaPRIME and connected to a base structure by a multi-ported fluid 
connector for enabling isolation of the module from the base. 

According to another aspect of the present invention there is provided a 
method of separating fluids from a hydrocarbon well production fluid mixture at 
a subsea location including providing fluid separation means, electrically 
actuable fluid flow control valve means and control means for controlling the 
control valve means to regulate the flow.of fluids through the separation means. 

The invention will now be described by way of example only with 
reference to the accompanying sole figure 1 which schematically shows a 
system in accordance with the present invention. 

The system is connected to a base structure 2 by means of a multi- 
ported fluid connector 4, Each pipe leading to or from the fluid connector 4 
includes an isolation valve 6. 
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A production fluid inlet pipe 8 is connected to receive fluid from a 
hydrocarbon well via a production fluid flowline 9. The production fluid will 
include oil, water, gas in solution and may include slugs of gas. The pipe 8 
routes the production fluid through a fail-safe valve 10. a pressure control valve 
5 12 and a slug detection device 14 into a compact centrifugal separator 16. The 
slug detection device' may be of the type produced by Caltec Ltd of Cranfield, 
Bedfordshire, United Kingdom. 

The separator 16 has a gas outlet 18 leading into a gas outlet pipe 20 
and a liquid outlet 22 leading through a liquid flow cbntrol valve 21 into a liquid 
10 outlet pipe 24. The gas outlet pipe 20 is connected v/a one of the-isolation 
valves 6 to the fluid connector 4 for connection to a gas pipeline 26 for 
conveying gas to a remote location. 

The fluid outlet pipe 24 routes fluid from the separator 16 through a first 
nbn-retum valve 28 to an inlet 30 of a hydrocyclone separator 32. 
15 A water outlet 34 of the hydrocyclone 32 Is connected to a water outlet 

pipe 36 which routes water through an oil-in-water sensor 38, a water pump 40. 
a water flow control valve 42 and one of the isolation valves 6 to the fluid 
connector 4 for connection to a water pipeline 44. The oil-in^A/ater sensor 38 
may be a Jorin Vipa sensor produced by Jorin Ltd of Sandhurst, Berkshire, 

20 United Kingdom. 

A water recirculation pipe 46 leads from the water outlet pipe 36, from 
between the pump 40 and the water flow control valve 42, through a flow 
restrictor 48 and second non-return valve 50 to a point on the fluid outlet pipe 
24 downstream of the first non-return valve 28. 

25 An oil outlet 52 of the hydrocyclone 32 is connected to an oil outlet pipe 

54 which routes oil through an oil pump an oil flow control valve 58 and one 
of the isolation valves 6 to the fluid connector 4 for connection to an oil pipeline 
60 for conveying oil to a remote location. An oil recirculation pipe 62 leads from 
the oil outlet pipe 54, from a point between the oil pump 56 and the oil flow 

30 control valve 58, through a flow restrictor 64 to a point on the oil outlet pipe 54 
upstream of the oil pump 56. 

The hydrocyclone 32 contains a level interface sensor 66 for detecting 
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vi^etheir the hydrotiydbrie ro^ the optimum dmount of oil and w^ter in 
order to function efficieirrtly. 

A. control means 68 iis liniced by signal and/pr power connections 70 
a (sh(5>ii«i dbittecl ^hd drily some numbest-ed) tb th© components as depictied in the 
5 V figure and receives signals from the slug detection device 14, the oil-in-water 
sensor 38, the hydrocyclone level interfece sensor 66 arid other seniors 
indicating for ekarriple the positioris of the flow conti"ol valves 21, 4t and 58. 
Riapid^ efectiridal contrdl of the electrically actuated flow control valves 21 , 42 
and 58, the pumps 4ip and 56, the failsafe yalve 10 eitc; is effected by the 
10 cbntrol means 68 V^^^^ . 

The operation of the system will now be described. 
Production fluid flowing into the system from the production fluid pipeline 
9 passed through the production fluid pipe 8; failsafe valve 10, priessure control 
valve 12 and gas slug detection device 14 Into the centrifugal separator 16. 
15 Gas leaveis the separator 16 v/a the gas Outlet 18 and passes y/a the gas outlet 
pipe 20 to the gas pipeline 26. 

Fluid, comprising a mixture of oil and water, leaves the separator 16 via 
the fluid outlet 22 and passes through the liquid outlet pipe 24 via the liquid flow 
contror valve 21 and the first non-rfetum valve 28 to the irilet 30 of the 
20 hydrojiydone 32. 

Inside the hydfo<^clone, the cyclonic flow of oil and water separates the 
oil from the water in a manner well known in the art. Oil leaves the 
hydrocyclone 32 through the oil outlet 52 and passes through the oil outlet pipe 
54 and v/a the oil pump 56 (in which its presisuf-e is raised) and the oil flow 
25 control valve 58 to the oil pipeline 60. Water leaves the hydrocyclone 32 
thnough the water outlet 34 and passes through the water outlet pipe 36 and via 
the water pump 40 (in which its pressure is raised) and water flow control valve 
42 to the water pipeline 44. 

If a slug of gas entersi the system from the produdion fluid pipeline 9, its 
30 presence is detected by the gas slug detection device 14 which sends an 
appropriate signal to the control means 68. The control means then effects 
rapid at least partial dosure of the liquid flow control valve 21 to ensure that the 



wo 03/033871 




level of liquid in the separator does not fall below prescribed limits and that 
substantially no gas enters the liquid outlet pipe 24 from the separator 16. The 
extent to which the liquid flow control valve 21 is closed depends on the size of 
the gas slug detected. Vy/hen normal flow from the production fluid pipeline 9 
5 resumes, the liquid flow control valve 21 will be returned to its initial state under 
the control of the control means 68. 

When a gas slug is dealt with as described above, the operation of the 
hydrocyclone will be effected as it will be v^en the ratio of oil to water in the 
production fluid varies. 

10 If the oil-in-water sensor 38 detects that water leaving the hydrocyclone-> 

contains more than the prescribed amount of oil, it sends a signal to the control 
means 68 which closes the water flow control valve 42 which diverts pumped 
water through the water recirculation pipe 46, the flow restrictor 48 and second 
non-return valve 50 to the inlet 30 of the hydrocyclone 32 for the removal of 

1 5 further oil. Once the oil-in-water sensor 38 detects that the oil content of water 
leaving the hydrocyclone is sufficiently low, the water flow control valve 42 will 
be opened again and flow through the water recirculation pipe 46 will cease. 

If the sensor 66 detiects that the oil/water interface lev^l in the 
hydrocyclone is not within prescribed limits for optimum separation, an 

20 appropriate signal is sent to the control means 68 which either adjusts the oil 
flow control valve 58 or the water flow control valve 42. For example, if it is 
necessary to increase the amount of oil in the hydrocyclone, the oil flow control 
valve 58 will be at least partially closed so that oil will be pumped via the oil 
recirculation pipe 62 and through the restrictor 64 back to the inlet of the pump, 

25 thus reducing or eliminating the amount of oil removed from the hydrocyclone 
- . until optimum amounts of oil and water are OHce. more established in the 
hydrocyclone 32. 

The use of rapidly adjustable electrically actuated flow control valves in 
the system permits the use of components such as a centrifugal separator and 
30 a hydrocyclone separator to t^e employed for the treatment of production fluid 
containing gas slugs. Furthermore, the system can be used to treat production 
fluid with a relatively wide range of gas to oil ratios without the need to replace 
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the separators to cater for variations in this ratio. 
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CLAIMS: 

1 A system for separating fluids from a hydrocarbon well production fluid 
mixture at a subsea location including fluid separation means (16,32). 
5 electrically actuable fluid flow control valve means (21.42.68) and control 
means (68) for controlling the control valve means (21.42.58) to regulate the 
flow of fluids through the separation means (32). 

2. A system as claimed in claim 1, including a gas slug detection device 
10 (14) for sensing the presence of a gas slug in the production fluid, and wherein 

the control means (68) is an-anged to adjust the control valve means (21) in 
response to output from the gas slug detection device (14). 

3. A system as claimed in claim 1 or 2. virtierein the separation means 
15 includes a centrifugal separator (16) having a gas outlet (18) and a liquid outlet 

(22). 

4. A system as claimed in daim 3. wherein the control valve means 
includes a flow control valve controlled by the control means (68) to restrict flow 

20 through the liquid outlet (22) when a gas slug enters the centrifugal separator 
(16) in order to ensure that substantially no gas passes through the liquid outlet 
(22). 

5. A system as claimed In any preceding claim, vk^erein the separation 
25 means (16.32) includes a liquid separation means (32) having a first and 

second fluid^utlet (34.52) for first and second fluids respectively. 

6. A system as claimed in claim 5. wherein the control valve means 
includes a flow control valve (42) for controlling flow through the first fluid outlet 

30 (34). 
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7. A system as claimed in claim 5, wherein the contror valve means 
includes a separate flow control valve (42,58) for controlling flow through each 
of the first and second fluid outlets (34,52). 

5 8. A system as claimed in claim 6 or 7, wherein the liquid separation 
means (32) includes a sensor (66) the output of which is dependent on the 
amount of one or both of the fluids in the liquid separation means (32), and the 
or each fl6w control valve (42,58) for controlling flow fronri the liquid separation 
means is controlled in response to output from the sensor (66). 

10. 

9. A system as claimed in claim 8, wherein the sensor (66) is adapted to 
sense an interface between the first and second fluids in the liquid separation 
means (32). 

15 10. A system as claimed in any one of claims 6 to 9, including a 
contamination sensor (38) adapted to detect the contamination of one of the 
fluids by the other flowing through one of the fluid outlets (34,52), and one or 
both flow control valves (42,58) are controlled in response to the contamination 
sensor (34). 

20 

11. A system as claimed in claim 10, wherein the contamination sensor (38) 
is adapted to sense the amount of oil in water flowing out of the liquid 
separation means (32). 

25 12. A system as claimed in claim 11, including water recirculation means 
(46,62) for returning water, to the liquid separation means (32) for further 
processing when the contamination sensor (38) senses the amount of oil in 
water to be above a particular threshold. 



30 



13. A system as claimed in any one of claims 6 to 12, including means 
(46,62) for recirculating at least a portion of the fluid flowing out of one of the 
fluid outlets (34.52) when its associated flow control valve (42,58) Is at least 
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partially closed. 

14. A system as claimed In any one of claims 6 to 13, wherein a pump 
(40,56) is situated between at least one said fluid outlet (34,52) and its 
associated flow control valve (42,58) for drawing one of the fluids through the 
respective outlet. 

15. A system as claimed in any one of claims 5 to 14, wherein the liquid 
separation means comprises a hydrocydone separator (32). 



16. A retrievable module including the system as claimed in any preceding 
claim. 

17. A method of separating fluids from a hydrocarbon well production fluid 
mixture at a subsea location including providing fluid separation means (16,32), 
electrically actuable fluid flow control valve means (42,58) and control means 
(68) for controlling the control valve means (21.42,58) to regulate the flow of 
fluids through the separation means (32). 



0 



0 



IW^j^ATIONAL SEARCH REPORT 



AppHcation No 

PCT/GB 02/04637 



A, CLASSIFICATION OF SUBJECT MATTER 

IPC 7 E21B43/36 



According !o International Patent Classificalion (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classlllcatlon system lollowed t)y dassHlcailon symt>ols) 

IPC 7 E21B 



Documentation searched other than minimum documentation to the extent that such documenis are Included In ihe lieUs searched 



Electronic data Dase consulted during the iniernatlonal search (name of data dase and. where practical, search lemis used) 

EPO-Internal , TULSA 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indicaiion. where appropriate, ol the relevant 



GB 2 242 373 A (BRITISH OFFSHORE ENG TECH) 
2 October 1991 (1991-10-02) 
page 1, line 10 - line 16; figure 4 
page 4, line 10 ^ line 29 



US 6 197 095 Bl (HADFIEUD DAVID A ET AL) 
6 March 2001 (2001-03-06) 
column 2, line 25 - line 54; claim 1; 
figure 1 

WO 01 20128 A (ALPHA THAMES LTD ;APPLEFORD 
DAVID ERIC (GB); LANE BRIAN WILLIAM, (fi) 
22 March 2001 (2001-03-22) 
page 10, line 2 - line 3; figure 2 



-/-- 



Relevant to claim No. 



1,5-8. 
14,17 



3.4, 

$-11,13, 
15.16 

3,4,15. 
16 



9,13 



Further documents are listed In the contlnuaiion of box C. 



Patent family membeis are listed In annex. 



" Special categories of cited documents : 

■A' document defining the general state of the art which is not 

considered to be of particutar relevance 
•E' earlier document but published on or after the inlemalional 

filing dale 

•f document which may throw doubts on priority clalm(s) or 
which is ctted to establish Ihe pubfication date of another 
dlatbn or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other moans 

'P" document published priorlo Ihe International fifing date but 
later than the priority date claimed 



T later document published alter the International flHng date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
'>inven1ion 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step virhen the document is taken alone 

•Y* document of particular relevance: Ihe clalnr»d Invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more olher such docu- 
inents. such oomblnalion being obvious to a person stdDed 
in the art. 

document member of the same patent family 



Date of the actual compieiion of the international search 

16 January 2003 


Date of mailing of the international search report 

31/01/2003 


Name and maiUng address of the ISA 

European Patent Office. P.B. 5818 Palenllaan 2 
NL-2280 HV Bliswqk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized ofticer 

Dantlnne, P 



Foim PCT/ISA/210 (second shedl) (July 



SDC3CID: <WQ_,03033a71AtJ_> 



INTERNAltlQNAL SEARCH REPORT 



brterru Application No 

PCT/GB: 02/04637 



c.(Cominuation) DOCUMENTS Consider to be reiI^vant 



Calegory • 



Crtatlon of <k>CM|nem,^wilh .M 



Relevant to claim No, 



us 5 570 744 A (kOLPAK MIRO AL) 
5 November 1996 (1996-11-05) 
cMiimii SI, line IS - liHr;,^^^^^^^^^ 5 
column 9, line 63 -columrt ,W line 5 

W6rM-3i73fD7 A (BAKE^ iili^^^ 
27;:Au|iist ;1998 ( I99M8^7) 
page ,6^: line 25 -page r7^^ ill fie 5; figure 2 
P|i^e:^f^:ltiJe .17 - . U|fi|i^ . 

oObGEbN e : " SUB3EA \WA!mi^; ' SEPARAtiOtl 

rNITlAtiVE ENTERS PHA^^'EI'V:-;J 

0FFSH6RE ; PETROLEUM PtlBtl'SffiNG CO. TULSA. 

us:,, ,\ ■ '■■ ■ : - --^ . 

vol . 58, no. 2j 

r Febrtiaf-y 1998 (1998-02-01), page 44 

XP000767328 

ISSN:;!;#$0-0608 

K. E : ARNOLD, P , L . FERGUSpN : "Designing 

tdrabrrbw'.s compact separation train" 

SbCjlETY OF PETROLEUM ENGINEERS , 

voi: SPE, no. 56644, 3 ^6 October 1999, 

pages 1-16. XP002227430 

Houston 

See whole document 



10.11 



1,16,17 



1,16.17 



Form PCT/lSA/21.0 (continuAlion ot Mcdnd sheei) (July 



INTE 



kTIONAL SEARCH REPORT 

■iimtien en patent family members 



Application No 

T/GB 02/04637 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member{s) 


Publication 
date . 


6B 2242373 


A 


02-10-1991 


NO 


911220 A 


27-09-1991 


US 6197095 


Bl 


06-03-2001 


NONE 







UO 0120128 



22-03-2001 



US 5570744 



05-11-1996 



WO 9837307 



27-08-1998 



All 

AU 




i7_04-2001 


All 

AU 


0/U90UU n 


17-04-2001 


DD 

t>K 




14-05-2002 


DD 

UK 




pi-nR-2002 


EP 


1219002 Al 


03-07-2002 


EP 


1214500 Al 


19-06-2002 


1 1 A 


A-1 OHTAA AT 
UlcU/**0 Al 




WO 


. Ui^U^l^o .AX 








23-04-2002 


NO 


20021170 A 


08-05-2002 


US 


5431228 A 


11-07-1995 


CA 


2221191 Al 


21-11-1996 


DE 


69614523 01 


20-09-2001 


DE 


69614523 T2 


18-04-2002 


EP 


0825896 Al 


04-03-1998 


WO 


9636430 Al 


21-11-1996 


NO 


975233 A 


19-01-1998 


AU 


6275898 A 


09-09-1998 


NO 


994068 A 


19-10-1999 


WO 


9837307 Al 


27-08-1998 



Pom PCa'/ISA/2lO (patent family annex) (July 1992) 



JSDOCID; <WO_03033871A1 



